at the anastomotic site or in the neoterminal ileum. 3, 4 the cumulative probability of clinical recurrence is estimated at ≈10% per year. 5 as recurrent disease progresses, anastomotic stricture may ensue and lead to bowel obstruction. the benefit of medical therapy in this setting is limited 6 because of the mechanical nature of stricture, and surgical resection with reanastomosis is often required. Consequently, one fourth of the patients will require a second operation by 4 years, and approximately one-half by 10 to 15 years. [7] [8] [9] endoscopic through-the-scope balloon dilation (EBD) of the strictures has emerged as an effective alternative in patients with CD stricture, 10 particularly for short and isolated strictures at the ileocolic anastomosis (iCa), which are often linear 11 and may appear in the complete absence of disease recurrence. 12 although anastomotic strictures can be more technically challenging than de novo strictures, 13 anastomotic strictures may also be associated with improved long-term outcomes when compared with de novo strictures. 14 Currently, the majority of studies summarizing the outcomes of EBD of CD strictures have either a relatively small sample size with short follow-up or include both primary and secondary (anastomotic) strictures. 10 few studies have specifically focused on iCa. 15 in addition, data pertaining to factors associated with long-term success as defined by the need for subsequent surgical resection after EBD for ICA stricture in patients with CD remain sparse. 10, [16] [17] [18] the aims of this study were, therefore, to analyze long-term outcomes after EBD for iCa stricture in patients with CD in a single institution and to identify variables observable at initial EBD that were risk factors for subsequent salvage surgery to treat iCa stricture attributed to recurrent CD.
PATIENTS AND METHODS
Patients the study was approved by the institutional review board at the Cleveland Clinic. a historical cohort of eligible patients with ICA stricture treated with EBD between December 1998 and may 2013 were evaluated.
Inclusion Criteria and Exclusion Criteria
Patients were identified from an electronic health record (ehR; epicsys, Verona, Wi). inclusion criteria for the study were patients seen in our IBD center and having a diagnosis of CD (International Classification of Diseases, Ninth Revision, Clinical Modification, code 555.9) documented on EHR and EBD in our billing database. This information was then confirmed by reviewing electronic charts. Clinical notes and endoscopy reports were reviewed to confirm EBD of ICA and to exclude patients with dilation of primary stricture. Patients with ileorectal anastomosis were excluded.
Demographic and Clinical Variables
Demographics (age, sex, and race) were extracted from the ehR. Clinical, endoscopic, histologic, and radiographic data were collected by chart review. Collected data included age at diagnosis, age at the time of treatment, duration of CD (time interval between diagnosis of CD and EBD of iCa stricture), symptoms, smoking history (never, current, or ex-smoker), presence of extraintestinal manifestations, and date of most-recent follow-up. CD medications within the 3 months before EBD were categorized into 5-aminosalicylates, immunomodulators, steroids (oral or intravenous corticosteroids), or biologics. escalation of medical therapy was defined as use of increased dosage of the same drug or use of a higher class of CD medication after EBD as compared with that before EBD. Endoscopy reports were reviewed to extract data on stricture length, presence and location of concurrent stricture, balloon size, use of intralesional steroid injection, and immediate complications (major bleeding, perforation, or death). Imaging reports within the 3 months preceding EBD (Ct, Ct enterography, magnetic resonance enterography, or barium studies) were reviewed to determine stricture length and the presence of proximal bowel dilation. Concurrent stricture was defined as the presence of additional stricture(s) other than the iCa stricture located elsewhere in the ileum, jejunum, or colon.
Indications and Technique of Endoscopic Balloon Dilation
The decision to perform EBD generally followed the diagnosis of iCa stricture based on clinical presentation and imaging studies. However, EBD could also be performed on iCa strictures that were incidentally encountered in the course of a routine surveillance colonoscopy at the discretion of the endoscopist. anastomotic or preanastomotic strictures >4 cm and known fistulizing abdominal CD were considered to be not amenable to EBD or as contraindications to EBD in our practice. The procedure was typically done by IBD specialists or therapeutic endoscopists at our institution. once the stricture was endoscopically visualized, the through-the-scope controlled radial expansion dilating balloon was passed through the biopsy channel through the stricture. the balloon diameter ranged between 12 and 20 mm. once in place, the balloon was inflated with water using a stepwise approach. the pressure was monitored closely by the assistant throughout the procedure. the pressure was maintained for a few seconds, and then the balloon was deflated. the process could be repeated several times during the same procedure until an adequate visualization of the lumen was achieved unless an angulation or narrow stricture prohibited the passage of the colonoscope. specific balloon size and endoscopic dilation technique were left at the discretion of the individual endoscopist.
Outcome Measurements
Primary outcome was the need for salvage surgery to treat the iCa stricture because of recurrent CD. other outcomes, including immediate technical failure, repeated dilation, stricture-associated emergency department visit, hospitalization, and escalation of medical therapy to immunomodulators/biologics were also examined. major complications were defined as perforation, excessive bleeding requiring transfusion, and death. technical failure was defined as an inability to pass the endoscope through the anastomosis after dilation. Patient follow-up started from the date of the first EBD until the date of the primary outcome or censoring at the date of the most recent contact. Patients and/or treating physicians were contacted via telephone if no follow-up data were retrievable from our medical charts.
Statistical Analysis
Descriptive statistics included means and sDs or medians and interquartile ranges for continuous variables and frequencies and percentages for categorical variables. univariable analysis was performed using the χ 2 and fisher exact tests (if expected cell counts were less than 5) for categorical study variables, and student t tests and Wilcoxon ranksum tests were used for continuous variables. Kaplan-meier analysis was used to calculate the long-term risk of surgical resection to treat iCa strictures. the multivariable Cox proportional hazards model using backward variable selection (ie, step-down method) was used to identify risk factors identifiable at the time of the initial EBD associated with the requirement of surgery adjusting for confounding factors. a number of different combinations among the examined variables were tested for possible interactions, in particular among the independent factors associated with the need for salvage surgery in the final multivariable model. Restricted cubic splines were used for continuous variables to take care of possible nonlinearity of continuous predictors. the nonlinearity terms were removed from the model when shown to be unnecessary. Differences were considered to be statistically significant when a p value was <0.05 (2-sided). a nomogram was then constructed to predict the requirement of surgery. a calibration curve was generated by plotting the actual occurrence of surgical resection to treat iCa strictures against the predicted occurrence probabilities for patients to assess the prediction accuracy of the nomogram. the nomogram was built with the step-down method, where all of the variables were included at first and then nonpredictive variables or weak predictors were removed to improve the predictive performance (concordance index). the final model has the highest concordance index. the model was validated internally by a bootstrap resampling of 1000 repetitions. all of the analyses were performed using R version 3.0.2 (R foundation for statistical Computing, Vienna, austria) with "survival" and "rms" packages and sas 9.3 software (sas institute, Cary, nC).
RESULTS
Patient Characteristics a total of 185 patients were included. the mean age was 43.1 ± 13.2 years, 45.9% were women, and 168 patients (90.8%) were white. the duration of CD was 17.6 ± 10.7 years. the mean interval from the last bowel resection was 9.9 ± 8.5 years (range, 0.4-42.0 years). there were 117 patients (63.2%) who had only 1 previous surgical procedure, whereas 42 (22.7%) had 2, 12 (6.5%) had 3, and 14 (7.6%) had more than 3. Because of the high prevalence of patients undergoing index surgery elsewhere, we had available data on whether the anastomosis was performed using a handsewn or stapled technique for only 21 patients. We therefore could not include this specific variable in our analysis. At the time of EBD, 148 patients (80%) were symptomatic. Medications used at the time of EBD included 5-aminosalicylic acid (n = 19; 10.3%), immunomodulators (n = 45; 24.3%), steroids (n = 36; 19.5%), and biologics (n = 32; 17.3%).
Endoscopic Balloon Dilation-Related Variables
a total of 462 dilations of iCa were performed. the number of EBDs was 1 in 77 patients (41.6%), 2 in 43 (23.2%), and 3 or more in 65 (35.1%). a total of 108 patients (58.8%) had more than 1 dilation performed. the median number of per-patient dilations was 2 (range, [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . the median balloon size used on the initial dilation was 16.5 mm (range, 8-20 mm). the technical failure rate was 9.2% (17/185 patients), and the perforation rate was 1.1% per dilation and 2.7% per patient. technical failure did not inevitably result in a decision for surgery, depending on the individual clinical circumstances. there were no episodes of bleeding requiring transfusion or deaths associated with EBD.
Outcomes After Endoscopic Balloon Dilation
During the overall mean follow-up of 3.9 ± 2.9 years, 6 patients (3.3%) developed enteric fistulas or abdominopelvic abscesses, and 66 patients (35.7%) underwent salvage surgery because of failure of nonoperative management. twenty-seven patients (14.6%) required emergency department evaluation leading to hospitalization for stricture-related conditions, of whom 13 subsequently required salvage surgery. there was not any statistically significant association between hospital admission during follow-up after EBD and need for salvage surgery (p = 0.12). the number of patients requiring escalation of medical treatment after EBD was not significantly associated with the requirement for salvage surgery (21/66 [31.8%] vs 34/119 [28.6%]; p = 0.38). the mean follow-up among the remaining 64.3% of patients who did not undergo surgery for iCa stricture was 3.6 ± 2.9 years. the mean follow up of the 47 patients who had 1 dilation and did not require surgery was 1.8 years (range, 0.1-6.6 years). the patient treatment algorithm is shown in figure 1 .
Kaplan-meier analysis showed that the 1-, 3-, and 5-year risks of surgery for ICA stricture after EBD were 20.8%, 33.6%, and 45.3%. there were 37 patients with a full 5-year follow-up ( fig. 2 ).
Association Between Clinical Features and Risk of Subsequent Surgery After Endoscopic Balloon Dilation
Risk factors significantly associated with the requirement of surgery on univariate analysis were more than 1 previous surgical procedure (p = 0.006), technical failure of EBD (p = 0.023), presence of concurrent bowel stricture (p = 0.008), and radiographic proximal bowel dilation (p = 0.005). the association between symptomatic rather than incidental iCa stricture and the need for salvage surgery was marginally significant (p = 0.049). medication use before EBD, endoscopic signs of inflammation at the anastomosis (Rutgeerts score >0) on initial EBD, technique used in the construction of the iCa, and endoscopic steroid injection had no relationship with the risk of having surgery (table 1) .
Subgroup Analysis of Patients With Available Imaging Data
Radiographic examination within 3 months before initial EBD was performed in 129 patients, including CT (n = 98), magnetic resonance (n = 12), small-bowel series (n = 16), and abdominal plain film (n = 3). the evaluation of possible associations between radiographic features and the need for subsequent surgery is also included in table 1. in a subgroup analysis, patients with bowel dilation proximal to iCa stricture and concurrent bowel stricture elsewhere had a significantly increased risk of requiring salvage surgery.
Multivariable Cox Regression Model for Risk of Subsequent Surgery and Development of a Nomogram
a Cox regression model was performed to assess the risk factor for subsequent surgery (table 2). significant factors associated with the requirement of surgery on multivariable analysis were symptomatic disease, longer interval from last surgery, and presence of proximal bowel dilation on an imaging study. We tested for interactions among all 4 of the predictors in the final model: proximal bowel dilation, symptomatic disease, duration of disease, and duration since last surgery. none of them was significant.
a nomogram was developed to predict the 5-year surgery-free probability in patients undergoing EBD based on the above Cox regression model ( fig. 3 ). the predictions from the nomogram seemed to be accurate and discriminating, with a concordance index of 0.67, which was at its highest level when keeping all 4 of the variables reported in table 2, including the nonsignificant variable of decreased duration of disease. the calibration curve showed that the prediction from our nomogram approximates the actual outcome. the nomogram was used by first locating the position on each predictor variable scale according to the predictor values. each scale position had corresponding prognostic points (top axis). Point values for all of the predictor variables were determined consecutively and summed to arrive at a total point value. this value was then located on the total point axis, from which a straight line was drawn down to determine the 5-year surgery-free probability.
DISCUSSION
our study aimed at identifying factors associated with the need for surgery after initial EBD for recurrent CD at a previously fashioned ICA to understand in which patients EBD had a potential for long-term success as opposed to earlier surgery. Our data confirm safety and feasibility of EBD for recurrent CD at iCa, echoing our previous institutional experience inclusive of both primary and secondary stricture in patients with CD. 19 our 1.1% per dilation perforation rate, corresponding with a 2.7% per-patient rate, favorably compares with the existing literature. 10, 16 EBD remains an attractive alternative to medical treatment in the management of iCa stricture for recurrent CD, which is frequently associated with limited benefit and may help in distinguishing inflammatory from fibrostenotic strictures. 20 more importantly, our series provides novel information on risk factors associated with the need for surgery after initial EBD.
We identified a longer interval from previous surgery and symptomatic disease as significant factors associated with the need for surgery, along with proximal bowel dilation in those patients for whom imaging was available. type of anastomosis and endoscopic steroid injection were not associated with the need for subsequent surgery in our study. Reported risk factors associated with successful dilation include technical success during dilation, 10, 21, 22 shorter . Point values for all of the predictor variables are determined consecutively and summed to arrive at a total point value, which is then located on the total point axis, from which a straight line is drawn down to determine the 5-year surgeryfree probability. length of stricture, 10,17 nonulcerated stricture, 18 and duration of CD. 23 some series have found that smoking was associated with the requirement of surgery. 18 however, the data on smoking as an adverse prognosticator after EBD are controversial. 18, 24, 25 similarly, an increased C-reactive protein level has been inconsistently identified as a predictor for the need for intervention after index EBD. 16, 23 in addition, some series 16 did not report any specific factor significantly associated with the need for new interventions after the index EBD, including medical therapy or active disease at the time of dilation. our data did not include a C-reactive protein, which is not routinely used in our institution and has levels that can significantly fluctuate throughout the disease treatment. however, examination of a number of surgical and radiologic variables that have not been considered previously were included in this study, and we intentionally focused only on EBD for stricture at the iCa. We excluded, unlike most other studies, 10, 16, 18 both de novo CD strictures and other disease locations 14, 26 so that sample heterogeneity could be minimized. We further constructed a nomogram using the above-mentioned variables that we believe can practically assist clinicians in counseling patients regarding their possibility of avoiding surgery for iCa stricture caused by recurrent CD. the present study and our previous study 19 did not show significant association between the need for surgery and intralesional steroid injection. the injection was not found to reduce the time to redilation after EBD of Crohn's iCa strictures; it had a trend toward a worse outcome in a previous pilot randomized, placebo-controlled trial. 27, 28 of note, earlier studies suggest that infliximab was associated with stricture development. [29] [30] [31] however, the direct link between the use of antitumor necrosis factor agents and stricture formation has been questioned. 12, [32] [33] [34] The assessment of pre-EBD imaging in the present study revealed that, in those who did have imaging data, a proximal bowel dilation was associated with a higher risk of subsequent surgery. in this regard, it is however important to point out that there might be a selection bias toward patients with more severe disease undergoing imaging evaluation which, unlike colonoscopy, is not a routine follow-up study among patients who underwent iCa for CD.
the other limitations of our study are related to its retrospective design. for example, the degree and the precise length of strictures could not be quantified in this study, and heterogeneity of patients' characteristics remains inevitable. in particular, the clinical decision making on whether EBD or surgery was indicated for each individual patient was subjective and dependent on a variety of specific clinical circumstances. future studies will be needed to assess the implications on long-term disease activity, quality of life, and reoperation rates of EBD when compared with upfront surgery for recurrent iCa stricture, which arguably might allow for a longer intervention-free survival by resecting rather than manipulating the anastomotic area of recurrence. in particular, although a subset of our patients did not require surgery for several years after EBD, we cannot reliably conclude that EBD saved them from an operation for CD without assessing a control group that was not treated with EBD for a comparable iCa stricture.
CONCLUSION
EBD seems to be a safe and effective treatment modality. Patients with significant risk factors adversely affecting their nomogram scores should be counseled against EBD and recommended upfront surgery to treat recurrent CD. 
